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Introduction 
The cognitive psychological literature, in general, and studies focusing on 
working (online) memory (WM), in particular, often include a plea for research 
based on complex cognitive tasks that "can be characterized as being under 
cognitive control, involving multiple steps of processing, involving multiple 
components of the memory system, and requiring fast access to large amounts 
of information" (Kintsch et al. 1999). Simultaneous interpreting (SI), as 
performed by expert practitioners, is just such a task – one which requires 
flexible, efficient online allocation of attentional resources in such a way as to 
approach full and fluent delivery of the target-language (TL) counterpart of a 
source-language (SL) message. Indeed, studies devoted to the functioning of 
WM in SI highlight the tension between maintaining a steady speech stream and 
producing a semantically and pragmatically appropriate TL representation of an 
SL input. 
That some form of temporary storage is involved in SI – and crucially so – 
seems self-evident. As in other information processing tasks, whenever the 
processing of language cannot proceed in a strictly linear sequence, and 
whenever input items must be retained while subsequent ones are being 
processed, recourse must be made to a memory store, the definition and 
parameters of which have been the subject of extensive theoretical debate and 
experimental research. Brown (1958) – and soon afterwards Peterson and 
Peterson (1959) – demonstrated that material is forgotten within seconds if 
rehearsal (i.e., some form of mental scanning) is prevented. SI is a task which 
would seem to defy covert rehearsal, in that it entails an exceptional number of 
factors likely to impede subvocalization: (1) approximately 70% of the TL 
output coincides with SL input (Goldman-Eisler 1968; Barik 1975; Gerver 
1975), and constitutes a form of articulatory suppression; (2) the cognitive 
demands of LTM searches and retrieval may supersede covert rehearsal of the 
source-language items; (3) covert rehearsal of retrieved TL strings awaiting 
articulation may also supersede rehearsal of new input items; (4) as an indirect 
addressee who is often deprived of full access to the situational and contextual 
information, the interpreter may be devoting full attention to compensatory 
Miriam Shlesinger 38 
inferencing1 (Pőchhacker 1992; cf. Schank 1980; Fincher-Kiefer et al. 1988; 
Chincotta and Underwood 1998). Although Vallar and Baddeley (1982) have 
shown that some form of rehearsal may be possible even when subvocalization 
is prevented, it is thus nonetheless quite striking, given all of these factors, that 
interpreters are able to store stretches of well over 2 seconds (the theoretical 
limit of working memory whenever no rehearsal is feasible).2 
While the task of SI is, in many respects, sui generis, different in obvious 
and crucial ways from those generally used to study WM in monolingual 
settings3 – and from those used in the study of bilingualism – existing cognitive 
and psycholinguistic research is nonetheless clearly relevant, especially if one 
accepts that "a psycholinguistic theory of translation and interpreting should be 
consistent with a larger framework of information processing in general" 
(Hamers and Blanc 1989: 254). Most of the models of the SI process have in 
fact drawn on information processing concepts, but there has been very little 
reference to the actual processes by which items are lost or discarded from WM 
or to factors which may contribute to the decay of memory trace in SI. In one of 
the earliest models, Gerver (1971) incorporates a discard-input module when the 
buffer is full and a discard-current-item module as part of post-articulatory 
monitoring.4 Moser (1976) too includes a discard module, after the point at 
which a "decision" is made not to restart activation of TL elements residing at 
the nodes of the conceptual network. Neither of these models, however, nor 
Gile's Efforts model (1988) nor other, more recent ones (Darò and Fabbro 1994; 
                                                          
1 By analogy, Cowan (1995: 128-129) describes the predicament of a 
conversationalist who, in order to draw the correct pragmatic inferences, may have 
to keep several pieces of information in mind while continuing to devote attention 
to the speaker, rather than rehearsing the critical information. 
2 To say that the task may be performed without rehearsal is not to deny that 
rehearsal may enhance the results. "[…] just because a mechanism is redundant 
does not mean that it is useless. The STM buffer, for instance, allows for the 
formation of a more coherent textbase. Propositions maintained in the buffer can be 
linked with the propositions derived from the next sentence on the basis of purely 
textual relations, whereas long-term WM links must be based on prior knowledge" 
(Kintsch 1998: 234-235). 
3 Most test materials in (monolingual) serial recall tasks, for example, consist of 
unrelated items with little or no intra-list predictability; recall is not tested until 
offset of the final item, often with a further delay or interpolation added; the 
concurrent task, if any, is relatively undemanding; and the subject is frequently 
instructed to rehearse the items as they are presented – a strategy which is largely 
ruled out by the very simultaneity of SI.  
4 As in the case of monolingual sovereign speech (Levelt 1989: 466), so too in SI, 
evidence drawn from repairs (Setton 1999) indicates that the interpreter's own 
output is available to her before being articulated. 
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Paradis 1994) dwell on the rapid forgetting that appears to occur – particularly 
in the case of unrelated, or loosely contextualized items; e.g. names, numbers 
etc. – in the presence of "online" interlingual transfer.5  
One of the challenges posed by such strings of unpredictable or loosely 
contextualized items is that they increase the "density" of the discourse, and 
place an exceptional burden on the interpreter. Dillinger (1989), Lee (1999) and 
Tommola and Helevä (1998) cite density as a key determinant of processing 
capacity, and Gile (1995) notes the heavy load imposed by lists, in particular, 
which are intrinsically high-density utterances, since "[…] more information 
must be processed per unit of time. […] High speech density is probably the 
most frequent source of interpretation problems. High speech density is 
associated with […] information elements put next to each other without 
grammatical or other low-density word groups in-between" (172-173). Given 
the likelihood of encountering uncontextualized lists in typical conference 
discourse, the interpreter's ability to reconstruct strings of names, numbers etc. 
in the target language is of course relevant to successful performance of the 
task. The risk of omission is likely to be compounded by any structural or 
syntactic differences between source and target languages. 
In the study reported below, such lists were used as a means of examining 
the extent of information loss, arguably attributable to the limits of working 
memory and to the impossibility of rehearsing the items until such time as the 
target-language syntax allows them to be produced in the output. As discussed 
below, however, it emerged that more was at stake in the "forgetting" of input 
items than the limitations of WM as such. The experimental design centered on 
professional practitioners' capacity to retain long left-branching noun phrases 
(i.e. a noun preceded by a long string of adjectives) while interpreting into a 
head-initial language (i.e. one which requires that the noun be produced before 
its modifiers), and on the role of presentation rate in this process. At the point 
where the interpreter – possibly cued by prosodic markers of the left-branching 
structure (the long head-final string) in the SL – becomes aware of the buildup 
of material which cannot be dealt with in linear sequence, and which requires 
storage and planning, she is also focusing on anticipation of the yet-to-be-
uttered lexemes, particularly the noun, which she must then produce in the TL. 
                                                          
5 The information-processing model proposed by Massaro (1975), precursor of the 
Moser (1976) model of SI, includes two memory modules (generated abstract 
memory and synthesized memory), but no explicit reference to forgetting, per se. 
The same holds true for SI: "SI theorists are aware of the extralinguistic, implicit 
and immediate factors in speech but, lacking a reasoned model of their operation, 
have had to gloss over the intermediate stages of the translation process. IP 
approaches address SI in terms of the limitations on human computing power, but 
are vague on what is computed or stored […]" (Setton 1998: 164). 
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She must recall and translate the stored modifiers with the requisite 
morphosyntactic adjustments, while also beginning to process the segment that 
follows. 
The experiment 
The experiment entailed texts read at two delivery rates – 120 and 140 words 
per minute – and set out to resolve two seemingly conflicted hypotheses: on the 
one hand, recall was expected to be better if less time elapsed between the 
sounding of the SL string and its TL reconstruction; on the other hand, retrieval 
of TL replacement items from LTM was expected to be poorer when performed 
at the higher rate.6 Both rates were within the range often found in conference 
speakers' presentations. (In fact, 100-120 wpm has been cited as the optimal 
speed for interpreting (Seleskovitch 1978)). 
The subjects 
All sixteen subjects were experienced professionals, with the same 
directionality:7 all were working from their B-language (English) into their A-
language (Hebrew). The decision to confine the study to professionals (the 
cutoff point being a minimum of three years' working experience) was based on 
the differences which are known to exist between novices and experts in skilled 
performance, including SI. Neubert (1997) notes that the experienced translator 
and interpreter often use lexical items and grammatical constructions that cannot 
be predicted on the basis of ready correspondences "suitable to the textual and 
situational context" (p. 11). In line with this approach, memory for content, 
coupled with the forgetting of surface structure information, is cited as being 
crucial to the highly developed semantic memory required in interpreting. Le 
Ny (1978) suggests that "the forgetting of the non-semantic information of the 
input text is more rapid in an expert interpreter than in the normal unilingual 
subject during the phase of comprehension" and that "this rapid decline of the 
non-semantic information is essential to carry out the task of simultaneous 
                                                          
6 Studies of WM in tasks involving monolingual recall have indeed yielded 
conflicting results, attributed in the main to differences in the subjects' use of 
strategies: a more "active" strategy (involving rehearsal, as well as a grouping of the 
items to be recalled) produces better results at slower (1 item per second) than at 
more rapid rates; a more passive strategy (in which all forms of organizing the input 
are avoided) shows the opposite trend (Hockey 1973). 
7 The role of directionality in interpreting is self-evident, with comprehension being 
more difficult, more error-prone and presumably more time-consuming in 
interpreting from L2 than from L1 (e.g. Weller 1991; Tommola and Helevä 1998). 
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interpretation because it facilitates better processing of semantic information" 
(p. 292). 
Skilled performers are able to retain large amounts of information in 
accessible form while engaging in domain-relevant tasks, an ability that is 
posited to increase with experience: "[…] expert performance is far more 
interruptible than would be predicted from the assumption that they have to 
maintain all of the temporarily stored information in working memory by 
continued rehearsal" (Ericsson and Delaney 1998: 94). Non-experts, on the 
other hand, are unable to allocate attention as effectively: "[…] interpreters 
paused as long as 10 seconds in their SI, apparently as a result of devoting their 
whole capacity to understanding the incoming message. It turned out that those 
interpreters were not professional interpreters at all, just good English speakers 
whose accuracy was far from satisfactory. Their tasks were taken over by 
professional interpreters after these incidents. These professional interpreters 
employed the strategy of slowing delivery in order to comprehend dense 
incoming material" (Lee 1999). Padilla et al. 1995 have demonstrated the 
gradual extension of WM as a function of task-specific training and experience, 
and Liu (2001), in a groundbreaking study of domain-specific skills in SI and 
their role in expertise development, has succeeded in demonstrating that expert 
performance in SI is not simply a matter of overall better processing skills; 
rather expertise in SI is confined to performance in this particular task, and is 
not related to performance on non-domain tasks. 
The materials 
In terms of ecological validity, the materials for such a study should ideally be 
taken from an existing corpus of actual conference presentations. This proved 
impracticable, however, since the study required clearly delineated, accurately 
constructed strings, unlikely to figure in naturalistic speech.8 The materials, 
therefore, had to be created expressly for the purposes of the study, and 
engineered so as to include the specific string types. To offset this artificiality, 
every effort was made to compose complete, coherent texts of the written-to-be-
spoken variety often used in conference presentations, requiring no specialized 
knowledge or prior contextualization.9 Six such texts were written, comprising 
                                                          
8 SI research has been very slow to introduce corpus-based analyses (Armstrong 
1997; Shlesinger 1998). "The IP [information processing] community has yet to 
present a corpus in support of its theories" (Setton 1998: 38). 
9 Familiarity with the topic of discourse is a key factor in determining the processing 
effort required. As noted by Doherty (1997): "If we set all other contextual 
variables at default values and concentrate on the properties that can be read off the 
linguistic forms of sentences in a text, we can compare the different processing 
conditions". 
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approximately 1,700 words each. Embedded within them and serving as the 
actual target utterances were a total of 180 strings. Sixty of these, each 
consisting of four attributive modifiers (adjectives) followed by a head (a noun), 
comprised the materials for the study reported here. To avoid a spillover effect, 
no two strings followed each other immediately, so that subjects could "recover" 
from the demands imposed by the one string before encountering the next one 
(Gile 1997: 200). These target strings are not syntactically or semantically 
hierarchical; they are essentially series of loosely related items, all of which 
collocate with the head. As Setton (1999) notes in accounting for 
approximations and simplifications of propositional structure in SI, "SI is 
vulnerable as regards numbers and proper names, but we generalise this 
problem to all items which are difficult to associate into the mental model, 
predicting difficulty at any sudden influx of new referents" (p. 264). The total 
duration of the recorded materials (approximately 11,000 words) in which the 
target strings were embedded was between 79 minutes (at 140 wpm) and 92 
minutes (at 120 wpm). The following is an excerpt from the experimental 
materials:  
[…] No less annoying was a stupid, biased, shocking, public account by 
one of those politicians who always pretend to speak for the people. Their 
sanctimonious attitude is an insult. Don't they realize that there's nothing 
intrinsically wrong with TV as such, just as there is nothing intrinsically 
right with the printed page. Even an illustrious, tempestuous, omnipotent, 
conservative writer like the editor of our biggest daily seems to have 
joined the trend.10 
The procedure 
The subjects interpreted the same set of pre-recorded texts individually in a 
language lab in two sessions, scheduled three weeks apart, to minimize the 
chances of their remembering their own solutions to particular segments: texts 
1, 3, 5 were delivered (on tape) at 120 wpm and texts 2, 4, 6 at 140 wpm at one 
of the sessions (with short breaks between texts); texts 1, 3, 5 were delivered (on 
tape) at 140 wpm and texts 2, 4, 6 at 120 wpm at the other session. The order of 
presentation was counterbalanced across subjects. 
                                                          
10 The fact that the first string comprises entirely of two-syllable modifiers and the 
second comprises four-syllable ones is a variable which figured in a separate 
analysis of the word-length effect in SI. The study, in fact, included 120 additional 
strings, designed to test additional aspects of processing, but these will not concern 
us here. 
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Results 
The study began with the seemingly counterintuitive hypothesis that 
performance would be better at a higher rate of presentation. While the slower 
presentation rate affords the interpreter more for retrieval of TL replacements 
from long-term memory (LTM), it also entails the risk of greater trace decay. It 
was predicted that the latter factor would predominate and that TL string 
integrity would be weaker at 120 wpm than at 140 wpm one. Since all of the 
materials were processed by each of 16 subjects at each of two rates, the total 
number of strings comprising the data was: 60 target strings x 16 subjects x 2 
rates = 1920 target strings. (Six strings were later discarded for various reasons, 
leaving a total of 1,914.) 
In the case of 325 (34.7%) out of 936 strings presented at 120 wpm, and 305 
(31.2%) out of 978 strings presented at 140 wpm11 – i.e. for slightly fewer than 
one third of all strings – the output included not a single modifier; all that 
remained of the 5-word string in the TL output was the noun. In the cases of 
approximately one third of all strings – 302 (32.3%) of the strings at 120 wpm 
and in 349 (35.7%) of the strings at 140 wpm – only one modifier remained. 
Two modifiers were produced in 254 (27.1%) of the 120 wpm and 276 (28.2%) 
of the 140 wpm strings. Three were produced in 51 (5.4%) of the 120 wpm and 
47 (4.8%) of the 140 wpm strings. In only 4 (.4%) of the 120 wpm and 1 (.1%) 
of the 140 wpm strings were all four modifiers retained. Thus, the 140 wpm 
strings showed an advantage over the 120 wpm ones with respect to the number 
of modifiers retained, as predicted (means = 1.07 and 1.05, respectively) – 
approaching, but not reaching significance. (See Figure 1). 
Figure 1 – Modifiers retained (by presentation rate) 
                                                          
11 Due to human error, part of one text – including the first 21 strings – was 
inadvertently played twice at 140 rather than 120 wpm in the case of one of the 
subjects. 
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Discussion 
Studies of list-based recall in monolingual tasks or in straightforward word-
translation tasks rarely report results as poor as the ones obtained here – 
particularly in the case of expert practitioners.12 Granted, the requirement to 
store such high-density strings comprising four successive SL modifiers (or 
their TL replacements) in anticipation of the noun imposes a heavy cognitive 
load, and one may expect a dramatic loss of information since the articulation of 
a TL output in the case of SI largely or completely suppresses the rehearsal of 
incoming materials, and yet, the explanation apparently goes beyond the sheer 
difficulty of SI as a task which epitomizes the constant interplay of context-
driven, top-down and data-driven, bottom-up information under highly 
constrained circumstances.13 Precisely because of the inherent difficulties, the 
interpreter's efficiency in prioritizing the incoming information and "deciding" 
what to retain and what to discard is crucial to adequate performance of the task. 
Without discounting this difficulty as a factor in the subjects' overall poor recall, 
it stands to reason that the explanation lies (primarily) elsewhere: strategies – 
whether norm-driven or idiosyncratic, conscious or automatized, universal or 
language-specific – may play an important role in the subjects' "decision" to 
assign low priority to the integrity of the target strings, even when cognitive 
resources are not being used to capacity and would allow for the retention of a 
greater number of modifiers. In fact, the strategy of cutting slack for a more 
demanding yet-to-come segment, or of conserving energy by focusing on the 
"important" components has often been cited as accounting for the 
proceduralization of the process, even among those with no experience at 
translation (Toury 1995: 99), and is reminiscent of the Minimax Principle (Levý 
1967).14 
Manipulation of instructions has also been shown to motivate strategies 
which, in turn, affect working memory. Thus, Gregg et al. (1989) have shown 
the effects of strategic control of the articulatory loop: subjects who were 
encouraged to rehearse the first half of the list had a higher recall rate than those 
                                                          
12 This retention rate is even lower than would be expected in the case of items which 
must be retained after being perceived in one "take": Cowan (1999) cites various 
studies of immediate recall which lead to the conclusion that up to 4 unconnected 
items can be kept in mind at one time, and suggests that "only about four items can 
be drawn from sensory memory to the focus of awareness on a particular trial".  
13 "The harder the task intervening between presentation and recall the worse the 
recall" (Crowder 1976: 195).  
14 As people become more proficient in performing a cognitively demanding task, 
they also become more proficient in selecting the best strategy for any particular 
instance of task performance (Reder 1987). 
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who were not. While the instructions in the present study were non-specific and, 
as such, did not motivate the implementation of intentional strategies, the 
findings may nonetheless point to the presence of strategic factors – presumably 
generated by norms and expectations based on the subjects' training and 
professional experience – which appear to account for some of the across-the-
board findings of the study. The effect of presentation rate then was in the 
predicted direction: performance at the higher rate (which allows less time for 
unrehearsed items to decay) was consistently (though not significantly) better 
than at the slower rate. 
Conclusion 
While the articulation of a TL output in the case of SI largely or completely 
suppresses the rehearsal of incoming materials and may be expected to entail a 
dramatic loss of information, there may also be more deliberate, possibly 
conscious factors involved in the functional online juxtaposition of the 
interpreter's two or more languages. This possibility raised methodological 
complications, which called into question the results of the present study as 
well: certain norm-driven strategies appeared to be playing a greater role than 
was previously suspected, and were difficult to distinguish from the operation of 
WM in SI per se. Thus, the dramatic loss of information (i.e. the omission of 
most of the items in the strings comprising the experimental materials) may be 
accounted for both as a by-product of WM limitations and as the result of the 
subjects' strategic "decisions". 
It remains to be seen whether the findings generated by this study will be 
reflected in more natural settings. Towards this end, a corpus-based study, using 
existing corpora of interpreted texts (for which an SL version is available), may 
prove enlightening. With a sufficiently large number of examples of left-
branching structures or of other constructions known to rely on the effectiveness 
of the central executive component of WM, one can infer about the constraints 
which affect the use of WM in SI in natural settings – and test the validity of the 
experimental results reported above.  
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